SUMMARY Neonatal sympathectomy of spontaneously hypertensive rats (SHR) and control Wistar-Kyoto rats (WKY) was performed by a combined treatment with antiserum to nerve growth factor and guanethidine during the first 4 weeks after birth. The development of hypertension was completely prevented in the treated SHR: at 28 to 30 weeks of age, systolic blood pressure of treated SHR was 139 ± 2 mm Hg as compared with 195 ± 8 mm Hg in untreated SHR. The extent of sympathectomy was verified by histofluorescence. Fluorescence histochemistry for catecholamine-containing nerves showed a complete absence of adrenergic nerves in the mesenteric arteries of treated rats. A supersensitivity to norepinephrine was exhibited by mesenteric arteries, anococcygeus muscle, and tail arteries from the treated SHR and WKY. In the mesenteric vascular bed, maximal response to norepinephrine was significantly reduced by sympathectomy. Sympathectomy also abolished the responses (e.g., generation of excitatory junctional potentials) of tail arteries to electrical stimulation of perivascular nerves. Morphometric measurements of three categories of mesenteric arteries showed that sympathectomy had no effect on the hypertrophic change of smooth muscle cells in the conducting vessels, but it prevented the hyperplastic changes of the muscle cells from reactive, muscular arteries and small resistance vessels. These results suggest that one of the primary roles of the overactive sympathetic nervous system in the development of hypertension in SHR is manifested through its trophic effect on the arteries of SHR. This trophic effect appears to cause a hyperplastic change in the smooth muscle cells in the reactive and resistance vessels, thereby contributing to the development of hypertension in older SHR. (Hypertension 10: 328-338, 1987) KEY WORDS • sympathetic nervous system • hypertension • arteries • spontaneously hypertensive rats • nerve growth factor • guanethidine
I
NCREASED sympathetic activity has been shown to occur in young spontaneously hypertensive rats (SHR). 1 " 4 Because sympathetic activity has been shown to exert a trophic effect on the development of the blood vessels, 57 vascular changes of the SHR that are already present at the prehypertensive phase 8 may be related to increased sympathetic activ-sive control rats (130 mm Hg). However, subsequent studies 17 " 19 showed that, although anti-NGF treatment resulted in a lowering of the BP in the SHR, the average BP was still over 150 mm Hg and left ventricular hypertrophy was still present in the treated SHR. Johnson and Macia 20 also found that anti-NGF caused a lowering of BP in SHR (167 ± 5 vs 179 ± 4 mm Hg in control at 15 weeks of age), but the BP was by no means normalized. They found that SHR were uniquely resistant to guanethidine-induced chemical sympathectomy and that a combined treatment with anti-NGF and guanethidine was necessary to achieve sympathectomy in the SHR. In this study, we examined the effects of neonatal sympathectomy with anti-NGF and guanethidine on BP and on structural and functional properties of the arteries.
Materials and Methods

Animals and Sympathectomy
Normotensive Wistar-Kyoto rats (WKY) and SHR were obtained from the rat colonies currently maintained at the McMaster University animal quarters. All experiments were performed with male rats. Initial lots of anti-NGF used in these experiments were prepared using /3-NGF kindly provided by Dr. Eugene Johnson of Washington University (St. Louis, MO, USA). Subsequently, anti-NGF was raised against /3-NGF prepared in our laboratory from male mouse salivary glands by the method of Mobley et al. 21 New Zealand white rabbits were immunized by intradermal injection at multiple sites with 0.5 mg of /3-NGF in 0.5 ml of phosphate-buffered saline (PBS) emulsified in 1 ml of Freund's complete adjuvant. Subsequent injections were made monthly with 0.1 mg of/3-NGF emulsified in Freund's incomplete adjuvant. In the Ouchterlony double-diffusion test, antiserum gave a single precipitin line with /3-NGF, with the initial crude homogenate and with intermediate fractions. Activity was determined using the single-cell bioassay method previously described. 22 Antiserum dilutions of 1:10,000 were sufficient to completely block the activity of 7S NGF, 10 ng/ml, in the assay medium, indicating a relatively high activity level for the anti-NGF. Guanethidine (donated by CIBA-Geigy of Canada) was dissolved in PBS and adjusted to pH 7.4 and a final concentration of 10 mg/ml. Anti-NGF (0.1 ml/rat) was given by intraperitoneal injection daily from Day 2 to Day 7 after birth, followed by daily injections with guanethidine (50 mg/kg i.p.) until 4 weeks of age.
The BP of the rats was measured weekly from 4 to 12 weeks of age using the tail-cuff compression method. Subsequently, BP was measured biweekly until the rats were used for specific studies.
Morphometry
For morphometric measurements of the arterial wall dimensions, 28-to 30-week-old treated and untreated SHR and WKY (four groups) were used, with each group comprising at least five animals. The mesenteric arterial bed was fixed by perfusion fixation at low pressure to avoid expansion of the vessel wall. 23 Three categories of mesenteric arteries were examined: 1) elastic, conducting vessels (superior mesenteric artery, SMA); 2) muscular, reactive arteries (large mesenteric artery, LA); and 3) arteriolar, resistance arteries (small mesenteric artery, SA). From each rat, the number of arteries sampled was two for SMA, four for LA, and eight to 10 for SA. The fixation procedure used has been shown to result in minimal change in smooth muscle cell volume, and the arteries were in a maximally relaxed state. 24 Cross-sectional areas (CSAs) of the vessel wall components (e.g., lumen, intima, media) 25 were measured at the light microscope level, using an LCS Microplanimeter System (Laboratory Computer Systems, Cambridge, MA, USA). One-micron-thick cross-sectional profiles of the arteries from a Zeiss standard 16 microscope were projected on to a digitizing board through a Zeiss drawing tube (San Antonio, TX, USA). A cursor was used to trace the outline of various vessel wall components. Values of areas generated by the system in millimeters were stored on disks using an IBM personal computer (Armonk, NY, USA) and later converted into square microns. Final magnifications used for the measurement were x 135 for the SMA, x 585 for LA, and x 935 for SA. Correction for eccentricity of the sections due to oblique sectioning angle was applied. 24 We have compared the data generated with the microplanimeter system with that obtained using our point-counting method (described previously). 24 There was no statistical difference between the data generated using the two methods. Analysis of variance showed that variations between vessels of each vessel type from each rat were not statistically significant. Therefore, data from each rat for each parameter of measurement were pooled and the means calculated, so that in the analysis, each rat contributed only one value for each parameter.
Fluorescence Histochemistry and Transmission Electron Microscopy
The glyoxylic acid method of Furness and Costa 26 for visualizing catecholamines was used on whole mounts of arteries to determine the extent of sympathectomy. Innervation of arteries was also examined by transmission electron microscopy of specimens prepared by our previously reported procedure. 23 Reactivity and Sensitivity Study The age of the rats used in this study ranged from 14 to 24 weeks. Rats were anaesthetized with sodium pentobarbital (35 mg/kg i.p.) and the systolic and diastolic BPs measured directly by cannulation of the femoral artery. Tissues were then isolated from the anaesthetized animals according to the following procedures.
McGregor Preparation
The mesenteric bed was cannulated according to the method of McGregor. 27 Briefly, the SMA was isolated and traced to its origin from the aorta. The artery was VOL 10, No 3, SEPTEMBER 1987 then cannulated and perfused with buffer to clear the mesenteric arcade of blood. All branches arising from the SMA were tied, except for the four terminal branches in each preparation. The mesenteric preparation was perfused with Krebs-Ringer buffer at 37°C and at a constant flow rate of 4 ml/min. This rate is not significantly different from the expected SMA flow rate in an adult rat. 28 A site was chosen for an injection portal, and all injections of vasoactive agents were made in volumes of 0.1 ml. A side-arm cannula was connected to a Statham pressure transducer (Model P23AA; Oxnard, CA, USA) at a point between the injection site and the mesenteric bed for the detection of perfusion pressure.
With this preparation, the following protocol was adopted: perform an initial dose-response curve to norepinephrine (NE), repeat, and then repeat again after exposure to cocaine (at the equivalent of 1 x 10 ~5 M). All doses are expressed as milligrams of NE per kilogram of body weight.
Anococcygeus Preparation
The paired anococcygeus muscles were removed from the rat according to the method described by Gillespie. 29 The anococcygeus tissue receives a dense adrenergic innervation and was used in this study as a representative nonvascular smooth muscle for comparison with vascular smooth muscle from mesenteric arteries in the McGregor preparation. The muscles were set up with a preload tension of 0.5 g for isometric tension recording. Tissue responses were recorded with a Beckman R411 or R611 pen recorder (Palo Alto, CA, USA) and a Grass FT03 force transducer (Quincy, MA, USA). Reactivity of the muscles to NE in the presence or absence of cocaine pretreatment as already described was measured.
Tension and Electrophysiological Studies
Rats used in the tension study were 12 to 13 weeks old. Ring segments of tail arteries 3 mm long were used. The experimental setup and procedures were similar to those previously described. 30 Briefly, the arteries were suspended by two fine tungsten wires inserted into the lumen. One wire was connected to a Narco F60 force transducer (Houston, TX, USA) for recording the tension, while the other served as an anchor as well as a stimulating electrode. Another wire, which ran parallel to the artery, was also used as a stimulating electrode. This arrangement provided a uniform stimulation along the whole artery. A resting tension of about 150 mg was applied. Stimuli of 0.05-to 0.1-millisecond durations were used to stimulate the perivascular nerves. The temperature of the preparation was maintained at 35 to 37 °C by continuous superfusion with physiological solutions 31 containing 1 fiM propranolol, at a rate of 3 ml/min. Fiber-filled glass micropipettes (Clark Electromedical Instruments, Reading, England) of 40 to 60 megohms resistance filled with 3M KC1 were used for intracellular recordings. 31 
Statistics
Values are expressed as means ± SEM. Sample size (n values) is indicated in all tables. Student's unpaired t test was used for comparison between various experimental groups. Linear regression analysis was also used to test whether there was a correlation between BP and the medial area of arteries. Differences were considered significant at a p level below 0.05. Figure 1 compares the age-related changes in BP of the different groups of rats used in this study. Among the untreated SHR and WKY, BP was similar from 3 to 6 weeks of age (prehypertensive phase). Subsequently, the BP of SHR began to rise significantly as compared with age-matched WKY until approximately 19 weeks of age (developing phase). In SHR older than 19 weeks, BP reached a stable, hypertensive state (established phase). In SHR and WKY sympathectomized by the combined anti-NGF and guanethidine treatment, the BP of SHR was maintained at a normotensive level (<150 mm Hg; see Figure 1 ). The same treatment schedule had no effect on the BP of WKY (Table 1 ; see Figure 1 ). The treatment did, however, reduce the body weight of both SHR and WKY (see Table 1 ). Heart rate of treated WKY was also lower than that of treated SHR and untreated WKY. At a constant flow rate of 1 ml/min/100 g body weight, vascular resistance of the mesenteric bed of treated rats at maximal relaxation was lower than that of corresponding untreated rats. Vascular resistance of treated WKY was also lower than that of treated SHR (see Table 1 ).
Results
Physical Characteristics
Morphometry
Superior Mesenteric Artery
hi both treated and untreated groups, the total CSA of the SMA vessel wall was always larger in SHR than in WKY and the treatment did not change the wall area in either SHR or WKY ( Table 2 ). The area of the lumen was smaller in WKY than in SHR of the untreated group. The CSA of the media, however, was always larger in SHR than in WKY of both groups, and the treatment significantly reduced the CSA of the media in the SHR. At a magnification of x 135, at which the measurements were done, the intimal layer was hardly visible. The intimal area was therefore included in the medial measurements. Linear regression analysis showed that among the four groups of rats, there was a positive correlation between BP and the CSA of the media (r = 0.597, p = 0.00002, n = 26; Figure 2A ). The number of smooth muscle cell layers was similar among the four groups of rats. In the adventitia, the only difference was that the CSA of untreated WKY was smaller than that of untreated SHR and treated WKY. (Table 3) . This larger LA vessel wall in the SHR was contributed mainly by a larger intimal and medial area and, in the case of untreated SHR, by a larger adventitial area as well. The larger medial area in the SHR as compared with WKY also corresponded to a higher number of smooth muscle cell layers in the media. The luminal area was larger in the WKY than in SHR in the treated group. Treatment did not affect the overall vessel area in the SHR, but the total vessel wall area was increased in the treated WKY. This increase in the WKY was mainly due to an increase in the intimal and adventitial area (see Table 3 ). In the SHR, treatment resulted in a reduction in the medial area, but an increase in the adventitial area, with the end result that there was no
Values are means ± SEM. n= 5 each for untreated SHR and WKY, and 8 each for treated SHR and WKY.
overall change in the CSA of vessel wall. The number of smooth muscle cell layers in both SHR and WKY was reduced by the treatment. Linear regression analysis showed that the CSA of the media was positively correlated with the BP of the rats (r = 0.597, p = <0.000001, n = 26; Figure 2B ).
Small Mesenteric Artery
The CSA of the SA vessel wall in SHR of each group was always larger than that in WKY, mostly because of the larger intimal and medial area in the Values are means ± SEM. n= 5 each for untreated SHR and WKY, 6 treated SHR, and 7 treated WKY.
*Endothelium + internal elastic lamina.
SHR (Table 4 ). In the untreated group, the CSA of the adventitia was also larger in SHR than in WKY. The number of smooth muscle cell layers was also higher in SHR than in WKY of both groups of rats. The luminal area was smaller in the untreated SHR than in the other rat groups. Treatment significantly reduced the number of smooth muscle cell layers in both SHR and WKY, but it had no significant effect on the medial layer. Linear regression analysis showed a positive correlation between the CSA of the media and BP among the four groups of rats (r = 0.554, p = 0.0003, n = 32; Figure 2C ).
Fluorescence Histochemistry and Transmission Electron Microscopy
In whole mounts of SMA, LA, SA, and tail arteries from untreated SHR and WKY, a dense fluorescent network of sympathetic nerves (induced by glyoxylic acid) was found around the LA and SA ( Figure 3A) , whereas the SMA was only sparsely innervated. Such a nerve network was absent from the SMA, LA, SA, and tail arteries of treated SHR and WKY ( Figure 3B ). However, glyoxylic acid preparation of cerebral arteries from the treated SHR and WKY showed the presence of adrenergic nerves. Examinations of LA and SA from treated SHR and WKY with transmission electron microscopy showed that nerves were still present Values are means ± SEM. n= 10 untreated SHR, 6 untreated WKY, and 8 each for treated SHR and WKY.
•Endothelium + internal elastic lamina.
in the adventitia close to the media ( Figure 3 , C and D), even though some of these nerves appeared necrotic ( Figure 3E ). Both agranular and granular vesicles were found inside these nerves (see Figure 3 , C and D). In one artery, what appeared to be a nerve was found between medial smooth muscle cells near the border of the media and adventitia ( Figure 3F ).
Reactivity and Sensitivity Study
Reactivity describes the responsiveness of the vascular system of a whole, perfused vascular bed to a vasoconstrictor; thus, a greater than normal change in perfusion pressure in response to a given dose of agonist implies increased reactivity. 32 Sensitivity, on the other hand, reflects the threshold dose responsiveness of a given preparation to an agonist, so that a preparation is considered to have an increased sensitivity to an agonist if it responds to a lower than normal concentration of the drug. 32 Half-maximal response to a given agonist ( E D^ is often used to compare the sensitivity of different preparations to an agonist, in that sensitivity is inversely related to the agonist concentration required to produce the response.
Physical characteristics and organ weights of the rats used in this study are given in Table 5 . As in previous experiments (see Table 1 ), treatment reduced the heart rate of the WKY but had no effect on the SHR. Treatment also lowered the BP of both SHR and WKY. In neither SHR nor WKY was the weight of the heart or kidney affected by the treatment.
McGregor Preparation
In the absence of cocaine pretreatment, maximal response to NE was always higher in the SHR than in the WKY, whether treated or not (Table 6 ). Maximal pressure development in response to NE was significantly reduced in the treated SHR and WKY as compared with corresponding rats of the untreated groups. Cocaine pretreatment of the preparations to block neuronal uptake did not cause any significant change in response to NE in both treated and untreated SHR and WKY.
The maximal pressure development in response to HE (see Table 6 ) also indicates that the 24-week treatment significantly reduced the maximal pressor response to NE in tissues from the SHR. These results are suggestive of the prevention of structural changes in the 24-week-treated SHR as compared with the untreated SHR. The 19-week-treated SHR also showed an apparent reduction in maximal pressor response, but it was not significant. No changes were noted in tissues from treated WKY.
Treatment of the rats resulted in an increased sensitivity of the mesenteric arteries to NE in both SHR and WKY, as indicated by the lower ED^ in the treated groups in comparison with the untreated groups (see Table 6 ). Pretreatment of the preparations with cocaine caused an apparent, but not significant, shift in the dose-response curve to NE.
Anococcygeus Preparation
In both SHR and WKY, guanethidine and anti-NGF treatment caused a significant increase in the sensitivity of the anococcygeus muscles to NE (data not shown). Cocaine pretreatment (5 X 10~4 M for 20 minutes) resulted in a significant shift of the doseresponse curve (as indicated by the comparison of the ED,,, values) to NE only in tissues from the untreated SHR and WKY.
Tension and Electrophysiological Studies
Electrical stimulation of perivascular nerves (30 V, 0.1 msec duration) in the rat tail arteries elicited excitatory junction potentials and slow depolarization of the cells in both SHR and WKY (Figure 4) . These electrical responses were accompanied by contraction of the tail arteries. In the treated SHR and WKY, no excitatory junctional potentials, slow depolarization, or contraction were elicited in the tail arteries using similar stimulus parameters, even when the stimulus strength was increased to 60 V. Dose-response curves of the tail arteries to NE showed that the curves were shifted to the left by about an order of magnitude in both treated groups as compared with the controls.
Discussion
In the SHR, during development, structural alterations of the arteries, mainly through thickening of the 
FIGURE 4. Neural responses in the control and treated WKY (A) and SHR (B). An electrical stimulus (30 V, 0.1 msec duration; indicated by arrow) elicited an excitatory junctional potential and a slow depolarization in the tail artery of the WKY (top trace. A). These electrical responses were accompanied by contraction (bottom trace. A). Similar responses were observed in the tail artery of the SHR. In tail arteries of the treated WKY and SHR, stimulation failed to trigger any neural responses, even with increased stimulus strength (60 V).
media due to hyperplasia or hypertrophy (or both) of the smooth muscle cells, have been reported in various types of arteries from different vascular beds. 33 These changes are thought to cause the hyperresponsiveness of the vascular beds to various agonists, thus increasing the peripheral resistance and elevating the BP. In SHR at the prehypertensive phase (i.e., at an age when the BP of SHR is similar to that of WKY), structural alterations are already present in the mesenteric, 8 renal, 34 and caudal 33 vascular beds. Because of the observations that the sympathetic activity in young SHR is increased 1 " 1 and that the sympathetic nervous system exerts a trophic effect on the development of blood vessels, 5 " 7 it is quite possible that structural alterations of the blood vessels are secondary to the hyperactive sympathetic nervous system. Hyperinnervation of blood vessels has been reported in the muscular mesenteric arteries, 8 -36 " 38 SMAs, 39 and caudal artery 40 of young 8 -»• 3? -»•«° and older 37 -38 -« SHR. NE release during sympathetic nerve stimulation was also found to be increased in young and older SHR (see Reference 40 for review). In addition, NE content was found to be higher in the SHR than in WKY in various tissues, including mesenteric arteries. 41 Therefore, our primary aim was to investigate whether prevention of hypertension in the SHR through sympathectomy is accomplished through the elimination of the trophic effect of the sympathetic nervous system on the arteries from SHR.
As already discussed in the introduction to this article, previous attempts at sympathetic denervation of SHR have produced mixed results, some being more successful than others. It is thus important to establish at the outset the efficacy of the procedure we have used to produce total sympathectomy of SHR and WKY. Various approaches were used to verify the extent of sympathectomy and they all indicated complete sympathectomy of the peripheral arteries.
Fluorescence Histochemlstry
The total absence of catecholamine fluorescence in the mesenteric and tail arteries from the treated rats indicates a complete sympathectomy of these arteries. The persistent presence of adrenergic nerves in the cerebral arteries of treated rats suggests that the procedure we used is specific to the peripheral sympathetic nerves, with little or no effect on the central sympathetic nerves. The presence of other nerve types in mesenteric arteries of sympathectomized rats is not surprising. Peptidergic peri vascular nerves (substance P, vasoactive intestinal polypeptide, and neuropeptide) are especially plentiful in the muscular arteries. 42 - 43 Previous studies 44 -45 have shown that some of these nonadrenergic, noncholinergic nerves are not affected by sympathectomy with 6-hydroxydopamine.
Reactivity and Sensitivity Study
The elimination of the ability of cocaine to shift the dose-response curve to NE in the anococcygeus preparation and the development of supersensitivity to NE in the mesenteric and tail arteries and in the anococcygeus preparations are characteristic of sympathectomized smooth muscles (see Reference 46) .
Electrophysiological Study
In tail arteries from untreated rats, the elimination of the responses of these arteries to perivascular nerve stimulation is consistent with previous findings in Wis- VOL 10, No 3, SEPTEMBER 1987 tar rats, in which chemical denervation was performed with reserpine or 6-hydroxydopamine. 47 
Morphometry
At maximal relaxation, the CSA of the lumen in some of the arteries from the treated animals (LA from WKY, SA from SHR) became larger than those from untreated animals. This increase may be related to the reduced vascular resistance in the mesenteric bed noted in the treated animals. Lack of sympathetic stimulation in the treated animals may have resulted in more relaxed arteries, thereby reducing the resistance to flow.
Superior Mesenteric Artery
In the SHR, changes in the conducting arteries, such as aorta and SMAs, are considered secondary changes because hypertrophy of the smooth muscle cell occurs only after the manifestation of hypertension, and prevention of hypertension with antihypertension therapy also prevents such changes (see Reference 33) . In this study, hypertrophy of the wall of the media in the treated SHR was still present as compared with treated WKY. This difference was probably related to the higher BP in the treated SHR as compared with treated WKY. By comparing the two SHR groups, it is obvious that lowering of BP in the treated SHR also reduced media mass, thus supporting the hypothesis that hypertrophy of the smooth muscle cells in this vessel type is a secondary response to elevated BP. Sympathectomy had no effect on the number of smooth muscle cells in the media of SHR and WKY, probably because these arteries are sparsely innervated by adrenergic nerves, as demonstrated by the glyoxylic acid-induced fluorescence method.
Large and Small Mesenteric Arteries
In these two groups of reactive, muscular arteries, our previous studies 8 have shown that changes in these arteries, particularly hyperplasia of the smooth muscle cells in the media, are already present in the prehypertensive SHR before the elevation of BP above that of WKY can be detected. Results from our present study show that sympathectomy reduced the size of the media in the SHR, mainly through prevention of smooth muscle cell hyperplasia; thus, the number of smooth muscle cell layers in the treated SHR became similar to that in untreated WKY. Sympathectomy also reduced the number of smooth muscle cell layers in the WKY, suggesting that in both SHR and WKY, the sympathetic nervous system exerts a trophic effect on the development of these arteries.
The importance of the increase in the adventitial area in arteries from sympathectomized animals is unclear. Bevan 7 observed that central ear arteries from denervated rabbits were stiffer, probably due to an increase in collagen matrix. Similarly, Fronek et al. 48 have shown that arteries from rats and rabbits denervated by 6-hydroxydopamine treatment increase their synthesis of collagen. The sympathetic nervous system may have an inhibitory effect on collagen synthesis, such that elimination of these nerves may result in an increased collagen content in the arteries.
Sympathetic Nervous System and Hypertension
The primary role of the sympathetic nervous system in the pathogenesis of hypertension in the SHR has been recognized by some investigators (e.g., References [49] [50] [51] [52] . Both a central and a peripheral mechanism may be operational in increasing BP in this animal model, 53 but it is generally difficult to dissociate the two. On the basis of their cross-breeding experiments, Judy et al. 54 have suggested that central mechanisms are responsible for the increased sympathetic nervous activity in the young SHR during the development of hypertension. Although our results do not rule out the possible role of central mechanisms, they do indicate the essential role of the peripheral sympathetic nervous system in the development of hypertension in the SHR. This is consistent with the findings of Yamori et al. (quoted from Reference 50), who showed that complete splanchnicotomy effectively arrests the development of hypertension in young SHR.
Even though our emphasis in this study was on the effect of sympathectomy on vascular changes, it is possible that the prevention of hypertension by sympathectomy was accomplished through interference in other tissues (e.g., heart, kidneys) as well. Renal sympathetic nerves have been shown to contribute to the development of hypertension in the SHR, at least in part, by causing increased urinary sodium retention. 5 1 " Renal denervation delays the development and blunts the severity of hypertension. 51 •" Whether renal nerves were affected by our sympathectomy procedure remains to be determined. In the New Zealand strain of genetically hypertensive rats, neonatal sympathectomy completely denervated the mesenteric and hindlimb arteries, but the innervation of the renal artery was not affected. 53 Our finding that cardiac hypertrophy in the SHR was unaffected by sympathectomy is consistent with previous findings in the SHR sympathectomized by anti-NGF, in which left ventricular hypertrophy was still present despite the prevention or amelioration of hypertension development. 17 " 19 Whether humoral factors are involved in causing cardiovascular hypertrophy in the SHR, as in the case of the coarctation model of hypertension, 55 is not known. In conclusion, our results suggest that the peripheral sympathetic nerves are involved in the development of hypertension in the SHR and that this involvement may be manifested through its trophic effect on the arteries in young SHR. This trophic effect causes a hyperplastic change of smooth muscle cells in the large reactive and small resistance arteries, thereby contributing to the development of hypertension in older SHR. 
